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1. Introduction

Governments face an increasing need for innovative solutions to tackle modern challenges and explore the
promising opportunities offered by modern technologies. As these needs grow, the integration of multiple
advanced technologies—known as Tech Fusion—emerges as a pivotal approach. Tech Fusion involves the
combination and transformation of various core technologies to create new products and ensure continuous
development in the field of digital government in all sectors[1]. For governments, this represents an amazing
opportunity to exponentially enhance service delivery, improve security measures & decision making, and reduce
operational costs, benefiting more from tech uptake compared to the adoption of single emerging technologies
alone.

The combination of many advanced and emerging technologies paves the way towards enabling innovation and
providing qualitative opportunities to enhance operational efficiency and deliver government services in
accordance with best practices. This ultimately represents a guarantee for delivering government services in
accordance with the latest digital solutions.

Imagine a world where MedTech and Al are merged enabling Al-driven diagnostics to predict diseases with
pinpoint accuracy, blockchain is merged with FinTech to ensures the security and transparency of digital financial
transactions, and quantum computing unlocks solutions to the most complex problems in real-time.

This intersection of technologies is more than the sum of its parts; it is a catalyst for innovation that promises to
revolutionize all different sectors. Achieving these gains depends on enhancing investment in these technologies
in the public sector to reach qualitative and pioneering innovations on a large scale..
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The aim of this study is to explore the potential of combining advanced
technologies such as artificial intelligence, extended reality, and
biotechnology and others. In addition to investigating the mechanisms for
integrating these technologies. The study seeks to inspire innovation and
enhance the decision-making process in the feasibility of investing in the
process of integrating technologies for all different sectors.

Figure 1 illustrates the expected impact of different technology trends on
different sectors [6].
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2. Digital Government and the Journey of
Innovation in the Kingdom

In recent years, Saudi Arabia’s digital government has made significant strides in innovation, focusing on advancing
its global position in technology adoption and e-government maturity. Central to this progress is the integration of
advanced and emerging technologies into government services and operations, enabling enhancing the role of
technological innovation in achieving national goals. For instance, in 2023, Saudi Arabia was ranked 1st regionally
and 3rd globally in the GovTech Maturity Index. The performance index of Saudi government agencies in “Emerging
Technologies Adoption” also improved significantly, increasing from 60.3% in 2023 to 70.7% in 2024, a 10% increase.
This provides a glimpse into the dedication and ambition of Saudi Arabia.

Saudi Arabia's advancements in technology and innovation are reflected in its ranking on the Global Innovation
Index, where it placed in the Top 50 in 2023 [7]. This progress highlights that the integration of advanced
technologies, from Al to Blockchain technology, has become a pivotal factor in achieving innovation and supporting
the formation of an incubator environment for research and development, in addition to enhancing investment in
this field. The Saudi Vision 2030, focuses on diversifying the economy, enhancing education and developing
infrastructure, ensuring the achievement of the goals for reaching a knowledge-based society and ensuring
sustainable growth while strengthening Saudi Arabia’s position in the global innovation system.

The progress highlights the Kingdom's commitment to fostering a robust ecosystem for innovation, driven by
substantial investments in technology, research, and development.

Global Innovation Index ranking for Saudi Arabia 2013 - 2022
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Figure 2: The ranking of Saudi Arabia in the Global Innovation Index from 2013-2022[8]
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In the last four years, and since the start of the pandemic, Mauritius, Indonesia, Saudi Arabia, Brazil and
Pakistan ascended the most (in order of their rank progression).

Leading Countries |n.the Global 48th
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Figure 3: Leading Countries in the Global Government Innovation Index (2013-2022)

The consistent efforts from the kingdom to advance in such areas is especially evident in the last four years since
the start of the global pandemic, in which Saudi Arabia stood among the top ascending countries in ranking.
Showcasing its commitment to excellence regardless of surrounding circumstances|[7].

The Kingdom of Saudi Arabia has a strong ambition for innovation and recognizes the necessity of adopting
advanced and emerging technology fusion to achieve its goals. By harnessing the power of emerging technologies,
such as Al, loT, blockchain, and biotechnology, the aim is to drive transformative changes across various sectors.
accelerate advancements, enhance efficiencies, and foster economic diversification, aligning with the objectives of
Saudi Vision 2030. This commitment to innovation positions the Kingdom to not only compete on a global scale but
also to lead in the development and application of cutting-edge technologies.
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3. Most Disruptive Emerging Technologies

In an era of rapid technological advancement, emerging technologies are disrupting traditional industries and
fostering next-generation applications. These innovations address complex challenges and drive significant
progress across various sectors. Their continued development and integration are essential to realizing the full
potential of Tech Fusion and harnessing them to achieve desired goals. Figure (4) shows a list of the most disruptive
emerging technologies ordered by maturity and use in digital government [9], this list is further detailed in
Appendix 1.

Artificial Intelligence and Machine % 5G and Next Generation Connectivity
Learning Those technologies contribute to improve
The impact and value of artificial the speed and efficiency of communication
intelligence in governments lie in its ability between government entities, particularly in
to enhance efficiency, strengthen decision- emergency response and public safety
making, and provide better services to services. [12]

citizens. [10][11]

X s Biotechnology and Gene Editing @ Extended Reality

2 Job These enhance healthcare and optimizing =T Itincludes virtual reality, augmented reality,
resource allocation more efficiently, and mixed reality technologies, and impacts
contributing to the development of more digital government by improving remote
effective health strategies. training and education, facilitating

interaction with government data, and
increasing beneficiary satisfaction.

%7 Autonomous Systems and Robotics 25y Nanotechnology

&g The use of robotics & automation in \7a Nanotechnology contributes to improve
governments enhances performance by government performance by enhancing
streamlining workflows, reducing public health, protecting the environment,

manual errors, and enabling employees and supporting economic innovation. [14]

to focus on more complex tasks. [13]

= 3p Printing % D!gltal Twins N

@ It offers significant potential for digital = Itimproves performance, raising awareness
governments to improve efficiency, regarding the current situation, and enables
strengthen the digital economy, enhance predictive management which helps in
public services, and ensures sustainability in decision-making and management of
service provision. [15] complex systems. [16]

Quantum Computing
ﬁ Blockchain and Distributed Ledger ; It can enhance national security by
Technology developing new encryption technologies

Blockchain technology enhances and strenqthening intelligence gajchering.
transparency, security, efficiency, and data However, it also poses a threat as it could
traceability in digital government. [17] break current encryption methods. [18]

@l3 Neuromorphic Computing
S It enhances digital government by automating complex tasks and improving decision-making through
data-driven analytics, which strengthens resource allocation and public service delivery. This contributes

to increased efficiency and transparency.

Figure 4: List of the Most Impactful Emerging Technologies
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4. Best Practices for Integrating Technologies
into Digital Government Operations

The highest impact combinations of emerging technologies and their applications are those that leverage
innovation practices in business models and operational models and to create modern digital solutions. These
combinations provide the opportunity for various innovations, whether transformative or improving businesses and
products, leading to the adoption of a culture of innovation in all government sectors.

Here are some of the most promising and impactful combinations:

0 %) Robotics

The combination of artificial intelligence (Al) and robotics is a transformative force across multiple
sectors, enhancing the capabilities of robots to perform complex tasks with precision and autonomy. This
synergy drives operational efficiency, enabling smarter automation and autonomous solutions. It also
contributes to the advancement of industries by allowing machines to adapt and learn, resulting in
increased productivity, precision, and safety standards.

52 Artificial Intelligence

Applications:

* Industrial Automation: Al enhances the capabilities of industrial robots, enabling them to perform
complex tasks such as assembly, welding, and packaging with high precision and efficiency.

* Autonomous Vehicles: Al-powered robotics play a crucial role in the development of autonomous
vehicles, enabling them to navigate, detect obstacles, and make real-time decisions. Which would
highly benefit tourism and event management by providing enhanced experiences to tourists and
visitors.

SiE  Artificial Intelligence Extended Reality

The combination of artificial intelligence (Al) and extended reality (XR)—encompassing virtual reality
(VR), augmented reality (AR), and mixed reality (MR)—is transforming various domains, including
entertainment, education, healthcare, and enterprise applications, by creating immersive and intelligent
experiences. This powerful synergy enables highly personalized and engaging interactions,
revolutionizing how people engage with digital content while fostering deep interaction and adaptive
learning and enhancing training, education, and user-centric applications.

Applications:

* Immersive Training and Education: Al-enhanced XR environments provide interactive and adaptive
training programs and educational experiences tailored to individual learners' needs.

» Tourism and Cultural Preservation: Al-driven XR applications can enhance tourism experiences and

cultural preservation efforts. Historical sites and museums can use XR to recreate ancient civilizations
or historical events, enriched by Al's ability to provide context and interactivity through virtual guides.

Tech Fusion: How Merging Tech Paves the Way for Next-Gen Applications 8




SiE  Artificial Intelligence Quantum Computing

The combination of artificial intelligence (Al) and quantum computing is poised to drive significant
advancements across various fields by leveraging the strengths of both technologies. This powerful
synergy accelerates computational processes and complex data analysis, enabling the resolution of
intricate problems and optimizing decision-making at an unprecedented scale across diverse sectors. .
Below is a list of some proposed models for the integration process.

Applications:

* Government Operations and Policy Analysis: Quantum-enhanced Al could support policymakers by
providing advanced data analytics, scenario modeling, and predictive insights.

* Quantum Machine Learning (QML): Quantum computing can enhance machine learning algorithms,
creating a new field known as Quantum Machine Learning (QML). QML algorithms can potentially
learn from data more efficiently and generalize better from fewer training examples.

é% Biotechnology

™

52 Artificial Intelligence

Al accelerates genetic analysis, drug discovery, and precision medicine by enabling machine learning
models to predict drug efficacy based on genetic data, optimizing treatment plans and minimizing trial-
and-error in healthcare. This transformative integration with biotechnology revolutionizes healthcare and
life sciences, streamlining processes, reducing timelines, and enhancing predictive health solutions while
advancing drug development, diagnostics, and personalized treatment approaches.

Applications:

* Drug Discovery and Development: Al algorithms are used to analyze massive datasets from genomic
studies, clinical trials, and medical records to identify potential drug candidates more efficiently.

» Predictive Analytics for Disease Prevention: Al models predict the likelihood of disease outbreaks and
the spread of infections by analyzing data from various sources, including social media, climate
patterns, and historical health data. Ultimately helping governments prepare for the possibility of
outbreaks.
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% Biotechnology =~®}> Nanotechnology

There are many success stories and proof of concept for combination of biotechnology and
nanotechnology is driving innovative breakthroughs across medicine, agriculture, environmental science,
and materials engineering. This integration pushes the boundaries of precision medicine and sustainable
practices, enabling targeted solutions for health and environmental challenges while paving the way for
advanced treatments and enhanced material science.

Applications:

» Targeted Drug Delivery: Nanotechnology enables the creation of nanoparticles that can deliver drugs
directly to specific cells or tissues, improving the efficacy and reducing side effects of treatments.

» Food Safety and Quality: Nanotechnology-based sensors can detect pathogens and contaminants in
food products, ensuring food safety along the supply chain.

%% Digital Twin Extended Reality

The combination of Digital Twin and Extended Reality (XR) technologies represents a significant
advancement in how we interact with and manage physical environments and systems. By creating
dynamic models for real-time interaction and management of physical assets, this synergy enhances
simulation, planning, and monitoring, enabling more informed decision-making and fostering improved
user experience. The following applications illustrate how to leverage the combination.

Applications:

» City Management: City planners can use VR to navigate a digital twin of a city, allowing them to
visualize urban infrastructure, simulate traffic patterns, and assess the impact of new developments.

» Events Management: Event Managers can use XR to project digital twins of the event in real-time,
incorporating stunning visual effects and creating a more engaging experience for the audience.

Tech Fusion: How Merging Tech Paves the Way for Next-Gen Applications
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5G Edge Computing

The combination of 5G and edge computing is transforming numerous sectors by delivering
unprecedented speed, low latency, and enhanced data processing capabilities. By moving computation
closer to where data is generated and consumed, this powerful synergy enables real-time data analysis
and supports robust, scalable solutions across various applications, significantly boosting connectivity and
efficiency. Below is an overview of this powerful synergy and its applications.

Applications:

» Smart Cities: 5G-enabled edge computing supports smart city applications such as traffic management,
public safety monitoring, and environmental sensing. Edge nodes can process data from sensors and
cameras in real-time

» Smart Manufacturing: In smart factories, 5G and edge computing enable real-time monitoring and
control of manufacturing processes, leading to increased efficiency and reduced downtime.

Si2 Artificial Intelligence

Q SEL Blockchain

Integrating Al with Blockchain and Distributed Ledger Technology enhances data security, transparency,
and automation across financial transactions, supply chain management, and decentralized applications.
This powerful combination fortifies enhancing data security, transparency and automation, this
integration ensures smart and secure data management, reliable transactions and more efficient
operations,, empowering various sectors with greater reliability, operational integrity, and efficiency.

Applications:

* Smart Contracts: Al-powered smart contracts stored on blockchain enable automated execution of
contractual agreements based on predefined conditions.

» Fraud Detection: Al algorithms integrated with blockchain enhance fraud detection by analyzing large
volumes of transaction data securely stored on a decentralized ledger.

Tech Fusion: How Merging Tech Paves the Way for Next-Gen Applications 1




Quantum Computing

0 SEL Blockchain

The combination of quantum computing and blockchain represents a technological frontier, promising to
revolutionize data security, cryptography, and computational efficiency. These two technologies can be
used together in a various sectors, including finance, supply chain management, and cybersecurity. The
resulting effect of this combination is to provide higher computing capabilities and advanced security
measures which has the potential to revolutionize data encryption, streamlining complex operations and
elevating efficiency in distributed systems.

Applications:

* Improved Consensus Mechanisms: Quantum algorithms can optimize blockchain consensus
mechanisms like Proof of Work (PoW) and Proof of Stake (PoS), making them more efficient and less
resource-intensive.

* Optimization of Smart Contracts: Quantum computing can optimize the execution of smart contracts by
solving complex problems more efficiently, such as optimizing supply chain logistics or financial
derivatives.

Eﬁ Blockchain 5G

Blockchain and Distributed Ledger Technology (DLT) ensure secure transactions and decentralized
applications on high-speed networks, leveraging quantum-resistant cryptography and scalable consensus
mechanisms - which is considered one of the latest security technologies to protect data and transactions
from future threats resulting from the development of quantum computing- to significantly optimize
network security and performance. The synergy of blockchain with 5G enhances connectivity and enables
secure, scalable transactions, supporting reliable data exchange, network optimization, and
advancements in connected devices and decentralized applications.

Applications:

» Supply Chain Management: Blockchain combined with 5G enables transparent and secure tracking of
goods across the supply chain. Each transaction or movement of goods can be recorded on a
blockchain, ensuring authenticity and reducing fraud.

 Internet of Things (loT) Security: Blockchain and 5G can enhance the security and reliability of loT
networks by providing decentralized data storage and transmission.

Tech Fusion: How Merging Tech Paves the Way for Next-Gen Applications

12



5. Potential Use Cases Tailored for Saudi Arabia

In the rapidly evolving landscape of technology, the convergence of multiple advanced technologies is driving
significant innovations across various sectors. Saudi Arabia's Vision 2030 exemplifies this trend by leveraging
cutting-edge technologies to enhance public services, promote sustainability, and improve quality of life. This
section presents six diverse use cases that illustrate the transformative potential of integrating technologies such
as Al, loT, VR, 5G and more. Each use case is aligned with specific Vision 2030 programs [19] and highlights a range
of real-life applications and theoretical extensions, illustrating how these technology integrations pave the way for
a smarter, more sustainable future.

Enhanced Pilgrimage Experiences - Hajj andUmrah

Digital Twin for Sports Events and World Cup 2034+ £

Riyadh Expo 2030 Technologies
Virtual Hospital & Training - Medical Education "J. -~
* n\( .

Tourism in Al Ula Through Modern Technologies

Sustainable Living in Neom
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Enhanced Pilgrimage Experiences - Hajj & Umrah

Alignment with Vision 2030

Pilgrim Experience Program

Saudi Arabia's Vision 2030 aims to enhance the
experience of Hajj and Umrah pilgrims through the
Pilgrim Experience Program. This program focuses on
improving services, safety, and the overall experience
of pilgrims. The integration of Al and loT technologies
aligns with this vision by providing
solutions to manage the large number of pilgrims and
ensure their safety and comfort.

innovative

Use Case

AR and loT for Enhanced Hajj & Umrah
Experiences

Saudi Arabia has implemented various technologies to
enhance the experience and safety of pilgrims during
Hajj and Umrah. Key technologies include AR, loT, and
spatial computing, which are used for
management, health monitoring, and providing real-
time assistance. For instance, Al-powered robots have
been deployed to answer pilgrims' queries, while loT
sensors help monitor crowd movements to prevent
overcrowding and ensure smooth pilgrim flow.

crowd

Moreover, smart bracelets and smart screen devices
are used to track and assist pilgrims, providing
emergency medical help and guiding lost individuals
[20].

Future Opportunities

Building on these proven technologies, future
applications could significantly enhance the Hajj and
Umrah experience by integrating VR and Al. Pilgrims
could use VR to virtually practice the rituals of Hajj and
Umrah before their journey, providing a detailed and
immersive understanding of the steps, procedures, and
locations involved. This pre-experience could help
reduce anxiety and improve the efficiency of

performing the rituals.

During the actual pilgrimage, Al-powered wearables
could provide real-time guidance and information
about each step of the rituals, ensuring that pilgrims
perform the rites correctly. Additionally, integrating
big data analytics could help manage and predict
crowd movements, further enhancing safety and
efficiency.

Technology Combination
AR - loT

The integration of AR and loT is revolutionizing various
sectors by enabling real-time data analysis, predictive
maintenance, and enhanced operational efficiency.

Tech Fusion: How Merging Tech Paves the Way for Next-Gen Applications 14




Digital Twin for Sports Events and World Cup 2034

Alignment with Vision 2030

Quality of Life Program

Saudi Arabia's Vision 2030 aims to enhance the quality
of life for its citizens and residents through the Quality
of Life Program. This program focuses on increasing
participation in cultural, entertainment, and sports
activities. The integration of digital twin technology for
stadium management and immersive viewing
experiences aligns with this vision by creating
innovative solutions that enhance the enjoyment and
safety of sporting events, such as the World Cup in
2034.

Use Case

Digital Twin based and Wearable-Enhanced
Stadiums in the NFL, US

Digital twin technology in the National Football
League (NFL) in the US is utilized to enhance stadium
operations in addition to using wearable devices to
monitor players' vital signs. By creating a virtual replica
of the stadium, continuously updated with real-time
data from loT sensors, the NFL can monitor and
optimize various aspects such as crowd movements
and emergency response strategies. Additionally, the
digital twin collects and analyzes a wide range of data,
including player physical dynamics, environmental
factors, and equipment conditions. Al then processes
this data to detect patterns that may indicate an
increased risk of injury, allowing for proactive injury
prevention measures to be taken, ensuring player
safety [21].

Future Opportunities

Saudi Arabia's hosting of the World Cup in 2034 offers
a unique opportunity to leverage this technology. By
utilizing XR/AR/VR technologies, fans could virtually
attend matches from their homes, choosing specific
seats in the digital twin of the stadium and
experiencing the game from that seat's perspective,
enhancing the fans engagement with the live games
or events. Additionally, integrating wearables on
players could provide real-time data on their physical
and emotional states, enhancing experiences.

For Saudi Arabia, digital twin technology could also
optimize stadium operations and safety during the
World Cup. Simulating crowd movements and
emergency response strategies would ensure a
smooth and secure experience for all attendees,
demonstrating Saudi Arabia's commitment to
innovation and technological excellence on a global
stage.

Technology Combination
Digital Twin - XR - Al

The integration of digital twin technology, loT sensors,
XR holograms, robots, drones and Al analytics is
revolutionizing various sectors by enabling real-time
monitoring, predictive maintenance, and optimized
operational efficiency.

= i
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Riyadh Expo 2030 Technologies

Alignment with Saudi Vision 2030

Quality of Life Program

Saudi Arabia's Vision 2030 includes the Quality-of-Life
Program, which aims to enhance the well-being of its
beneficiaries by increasing participation in cultural,
entertainment, and tourism activities. The Riyadh Expo
2030[22], focusing on tourism and entertainment,
aligns with this vision by promoting Saudi Arabia as a
top tourist destination and enhancing the overall
quality of life through world-class events and
attractions.

Use Case

Al and loT for Riyadh Expo 2030

The Riyadh Expo 2030 aims to enhance visitor
experiences and operational efficiency through
advanced technologies. Strategically located near King
Salman International Airport and connected to Riyadh
Metro, the Expo site will facilitate easy access for
travelers[23]. The Expo will focus on showcasing
technological  innovations, including artificial
intelligence, robotics, big data, and the Internet of
Things (loT), to create an interactive and futuristic
environment. The Expo is committed to sustainability
goals, featuring renewable energy,
conservation, waste management, and green building
technologies, all contributing to zero carbon emissions
[24] and efficient resource management

water

Future Opportunities

Future applications could revolutionize large-scale
events like the Riyadh Expo 2030. Integrating AR and
VR could provide immersive virtual tours for remote
visitors, allowing them to experience the Expo from
anywhere in the world. Al can optimize event logistics
and personalize visitor experiences, while NFT Tickets
using Blockchain technology can secure transactions
and streamline ticketing, enhancing efficiency and
preventing fraud. Drones can also be used to guide
tours and navigation and can be merged with VR to
provide visitors with bird eye perspective. By fusing
these technologies, Riyadh Expo 2030 can set a new
standard for global events, showcasing the power of
Tech Fusion in creating a highly engaging, efficient,
and sustainable event experience.

This expansion would support Saudi Arabia's Vision
2030 objectives by showcasing the country's
commitment to innovation and technological
excellence.

Technology Combination
Al - loT - XR - Robotics - Blockchain

The integration of Al and loT is revolutionizing various
sectors by enabling real-time data analysis, predictive
maintenance, and enhanced operational efficiency.
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Virtual Hospital & Training - Medical Education

Alignment with Vision 2030

Health Sector Transformation Program &
Human Capability Development Program

Saudi Arabia's Vision 2030 includes the Health Sector
Transformation Program and the Human Capability
Development Program. These programs focus on
enhancing healthcare services and developing human
capital through advanced training and education. The
integration of Al and XR technologies in medical
training aligns with these programs by providing
innovative solutions to improve the skills and
capabilities of medical professionals and ensure high-
quality healthcare services.

Use Case

Al and XR for Medical Training and Surgery

Al and XR are revolutionizing medical training and
surgical practice. Osso XR, a leading platform in this
field, provides immersive XR simulations for surgical
training that offer realistic, clinically
environments where medical professionals can
practice complex procedures without risks to patients
[25]. Al enhances experiences by providing real-time
feedback, identifying mistakes, and suggesting
improvements. For example, studies have shown that
users trained with Osso XR improve their surgical
performance by 230% and complete procedures 20%
faster than those trained through traditional methods
[26].

accurate

Future Opportunities

Advancements in robotics and telemedicine could
enable remote surgeries, where surgeons perform
complex procedures using high-quality XR and Al-
guided robotic systems, also useful for medical
training. Seha Virtual Hospital exemplifies this by
integrating advanced technologies for comprehensive
virtual healthcare, allowing doctors to interact with
patients and conduct examinations in real time.
Additionally, bio and nanotechnology enable cellular
therapy, modifying cells in a lab to prevent or treat
diseases.

This expansion would further enhance medical
education and healthcare delivery, supporting the
goals of Saudi Arabia's Vision 2030 programs.

Technology Combination

Al - XR - Robotics - 5G - Biotech - Nanotech

The integration of Al, XR and robotics is revolutionizing
the medical field by enabling realistic surgical training
simulations,  providing real-time  performance
feedback, and paving the way for remote surgeries.

8
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Tourism in Al Ula Through Modern Technologies

Alignment with Vision 2030

Ministry of Culture, Ministry of Tourism
and Quality of Life Program

As part of the mandate of both the Ministry of Culture
and the Ministry of Tourism and aligned with the
Quality-of-Life Program under Saudi Arabia's Vision
2030, the goal is to make Saudi Arabia a top tourist
destination. The integration of Al and XR technologies
in enhancing the tourism experience at Al Ula directly
supports these objectives by creating immersive and
interactive experiences for visitors.

Use Case
Al-Powered XR Glasses by Brilliant Labs

Brilliant Labs has developed open-source Al glasses,
known as Frame Al glasses, which combine artificial
intelligence and augmented reality to provide users
with a range of functionalities. These glasses can
translate languages, recognize images, search the web,
and display information directly in front of the user's
eyes. Powered by OpenAl, Whisper, and Perplexity, the
glasses utilize Al to analyze surroundings and XR to
present relevant data seamlessly. The design includes
prescription lenses, making it accessible for everyday
use while being customizable for developers to build
additional functionalities[27].

Future Opportunities

Building on the proven capabilities of Al-powered XR
glasses, future applications could revolutionize
tourism at Al Ula by providing an even more
immersive and interactive experience. Equipped with
advanced Al and XR technologies, these glasses could
scan historical sites and offer detailed information
about them. Tourists could ask questions about the
sites they visit, and the glasses would provide real-
time answers, enhancing the educational and
experiential aspects of tourism.

This application could transform how tourists engage
with Al Ula's cultural heritage, making information
more accessible and interactive. By doing so, it
supports Saudi Arabia's Vision 2030 objective of
becoming a top tourist destination and showcases the
country's commitment to leveraging advanced
technologies to enhance cultural and historical
experiences.

Technology Combination
Al - XR

The integration of Al and XR is revolutionizing various
sectors by enabling real-time information overlay,
enhancing user interaction, and providing immersive
experiences.
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Sustainable Living in Neom

Alignment with Vision 2030

Public Investment Fund Program &
Sustainable Living

As part of Saudi Arabia's Vision 2030, the Public
Investment Fund Program and the Sustainable Living
initiative aim to promote sustainable development and
innovative urban living. Neom, a planned cross-border
city in the Tabuk Province, is a key project under this
vision, designed to showcase advanced technologies
and sustainable practices. Neom aligns with the vision
by fostering an environmentally friendly lifestyle,
leveraging renewable energy, and implementing
cutting-edge technology to create a sustainable, high-
tech urban environment.

Use Case

Al and loT for Sustainable Living in Neom

Neom is integrating Al and loT technologies to create a
sustainable, efficient living environment. Partnering
with STC, it is deploying an advanced 5G network to
support smart city applications, including loT sensors
for real-time monitoring, Al for optimizing energy use,
and smart grids for efficient energy distribution[28].
These technologies and many others aim to manage
resources sustainably, enhance public services, and
improve residents' quality of life. Collaborations with
Oracle and NVIDIA further enhance Al adoption,
enabling advanced data analytics and digital twin
solutions for urban management[29].

Future Opportunities

Building on these technologies, future applications
could further enhance sustainable living in Neom.
Integrating blockchain could ensure transparency and
efficiency in resource management, while advanced
robotics and Al could automate and optimize
agricultural practices, ensuring food security.
Additionally, smart transportation systems using
autonomous vehicles and Al-powered traffic
management could reduce congestion and pollution,
promoting sustainable urban mobility.

This expansion would support Saudi Arabia's Vision
2030 objectives by demonstrating a commitment to
sustainability and technological innovation, attracting
global investments, and enhancing the quality of life
for its residents through cutting-edge, environmentally
friendly solutions.

Technology Combination

All Technologies

Neom is pushing the boundaries of technological
innovation by integrating a diverse array of advanced
technologies to create an unparalleled urban
environment. Unlike other projects that may focus on
specific tech combinations, Neom's strategy involves
harnessing the full spectrum of cutting-edge solutions
to achieve its ambitious goal of zero emissions.

3 @ Bl 99 a8
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6. Key Challenges & Considerations

PZAN

€2

Financial Expenditure and Budgeting:

High Upfront Costs: Implementing tech fusion involving Al, blockchain, IoT, and quantum
computing requires significant initial investment. This encompasses both infrastructure
development and the acquisition of new technologies.

Calculating Long-Term ROI: While the long-term benefits of technology adoption may be
substantial, the timeline for return on investment (ROI) can be uncertain, especially given the
rapid evolution of these technologies.

High Cost of Maintenance: Post-implementation, ongoing costs include technology
upgrades, system maintenance, and ensuring that legacy systems remain compatible with
new tech.

—]
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Existing Infrastructure Limitations:

Legacy Systems Integration: Many organizations, especially in government sector and
large enterprises, are still using outdated systems. These legacy systems can create
compatibility issues when integrating newer technologies, like Al and blockchain, potentially
requiring extensive overhauls or complete replacements.

Network Connectivity: The success of emerging technologies, such as loT and 5G, heavily
depends on the existing network infrastructure. In areas with limited connectivity or depend
on legacy infrastructure, deployment of these technologies could face substantial delays.

Data Management: The integration of advanced technologies requires robust data

infrastructure. Ensuring real-time data management, storage, and analysis capabilities can be
a challenge when pre-existing systems are not designed for such extensive data flows.
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Skill Gaps and Workforce Adaptation:

Skilled Talent Shortage: The successful implementation of tech fusion requires a workforce
with specialized knowledge in Al, quantum computing, blockchain, etc. There is a significant
gap in talent capable of managing and optimizing these technologies, leading to either high
recruitment costs or the need for large-scale training programs.

Change Resistance: Employees and teams used to traditional methods might resist the shift
toward digitization and automation. Effective change management strategies are essential to
ensure smooth transitions.

@

Lifespan of Technology and Future-Proofing:

Rapid Obsolescence: Emerging technologies evolve rapidly, and what is cutting-edge today
may become obsolete within a few years. Investments made in current technologies must
account for the possibility of future technological advancements to ensure that systems can
be updated or replaced without significant disruption.

Strategic Planning for Technology Future-Proofing: A forward-looking approach to
technology investments that takes into account future developments in Al, blockchain, and
quantum computing will help organizations avoid costly upgrades.

Regulatory and Ethical Considerations:

Complex Regulatory Environment: Implementing Al, biotechnology, and blockchain,
particularly in highly regulated sectors like healthcare and finance, will require navigating
complex regulatory frameworks. Compliance with local and international laws, as well as data
privacy regulations, adds an additional layer of complexity.

Ethical Concerns: Technologies like Al and gene editing raise ethical concerns, such as data
privacy, surveillance, and the potential misuse of information. These must be addressed
through careful policy development and the establishment of clear guidelines on acceptable
use.
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Cybersecurity Risks:

Increased Vulnerability: The integration of multiple advanced technologies like loT and
blockchain can expand the potential attack surfaces for cybercriminals. Securing these systems will
require advanced cybersecurity measures, potentially increasing operational costs and complexity.

Data Integrity and Privacy: With the rise in data volumes from loT devices and other connected
systems, ensuring data integrity and privacy becomes critical, especially for government operations
and sensitive sectors.

x:

Scaling and Flexibility :

Scalability of Emerging Technologies: Some technologies, such as quantum computing, are
still in their developmental phase, and their full-scale implementation may not be feasible in the
short term. This makes it difficult to plan for long-term scalability when investing in these cutting-
edge innovations.

Flexibility for Future Innovations: As the pace of technological advancement accelerates, the
infrastructure and systems put in place today must be adaptable to accommodate future
innovations.

&
Environmental and Sustainability Considerations:

High Energy Consumption of Emerging Technologies: Technologies such as Al, quantum
computing, and blockchain can be highly energy-intensive. Ensuring that the infrastructure
supporting these technologies is energy-efficient and aligned with sustainability goals will be
important, particularly in regions with strong environmental commitments like Saudi Arabia’s
Vision 2030.

Sustainable Technology Adoption: To align with the environmental aspects of Saudi Vision
2030, integrating sustainable practices in technology adoption, such as green data centers or eco-
friendly hardware, will be necessary to mitigate the environmental impact of large-scale digital
transformations.
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7. Conclusion

Tech Fusion is a transformative force driving advancements across various sectors by integrating Al, loT,
blockchain, and other emerging technologies to create innovative solutions. Investing in technology
integration ensures that national targets are achieved by increasing operational efficiency and providing

innovative business models across multiple sectors.

By leveraging emerging technologies, Saudi Arabia is positioned to lead in the development and application of
cutting-edge innovations, competing on a global scale. The adoption of tech fusion greatly impacts healthcare
(e.g. personalized medicine, robotic surgery, advanced diagnostics), manufacturing (e.g. smart factories,
predictive maintenance, assembly manufacturing), finance (e.g. fraud detection), and public services (e.g.
hyper personalized government services). Appendix 2 further details which sectors are actively pursuing Tech

Fusion.

In the government sector, it is essential to study investment opportunities in the field of Tech Fusion witin
government entities or to explore opportunities for cooperation with the private sector, in an effort to achieve

the goals of digital government and ensure the encouragement of innovation in digital government.

While integrating advanced technologies like Al, blockchain, 10T, and quantum computing offers immense
opportunities, it also brings significant challenges. High upfront costs, infrastructure limitations, talent
shortages, and regulatory compliance must be addressed. Ethical implications and risks of technology
integration are considered of utmost importance for all those looking to adopt this concept to ensure the
purpose of the adoption process is achieved and the multiple aspects and risks that may arise when adopting

technology integration use cases are considered.

This study provides an overview of technology integration concept, offers guidelines regarding strategic
investment and innovative implementations. As an appendix of this study, a series will be published aiming at
exploring the potential for technology integration in specific government sectors, provide detailed analysis
and practical recommendations, and identify emerging trends. Future appendixes to this study may navigate

into how each sector can best leverage technology integration.

By focusing on tech fusion's transformative potential, decision-makers can drive significant advancements and

prepare society for future challenges.
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8. Definitions

Term

e

Internet of Things

Emerging
Technologies

Artificial intelligence

Blockchain

Extended Reality

5th generation
internet

Nanotechnology

Digital Twin

3D printing

Quantum computing

Neuromorphic
computing

Biotechnology and
Genetic Modification

Autonomous
Systems and
Robotics

Next Generation
Resources

Definition

A network of electronic devices, software and sensors that allow machines to
interact with each others.

Modern technologies that support the implementation of digital government

activities, which achieved a qualitative leap in digital transformation, and its applications still under
development, such as: Al, loT,

Blockchain, etc

It is a branch of computer science concerned with building smart machines capable

of understanding their environment and performing tasks that require a certain

level of intelligence. Such as: Learning and reasoning and Learning and reasoning, it is also called
machine intelligence.

A record within the blockchain that contains information about one or more digital transactions,
including the transaction itself or the time it was made. Each block is a record of all previous
transactions, and new transactions are recorded in the next block. If any changes occur, the blockchain
will create an updated copy of the new transaction, and an identifier will be added that is reflected in
the distributed ledger in the open network.

Extended Reality (XR) is an umbrella term encompassing technologies like augmented reality (AR),
virtual reality (VR), and mixed reality (MR). XR integrates physical and digital elements to create
immersive experiences.

5th Generation Internet (5G) is a wireless communication technology offering faster speeds, lower
latency, and higher device connectivity, revolutionizing communications and enables innovative
applications.

Nanotechnology is the science and engineering of materials and devices at the atomic and molecular
level, to create structures, devices and systems with advanced and unique functionalities and
applications.

Digital Twin is a virtual replica of a physical object, system, or process used to simulate, analysis, and
optimize its real-world counterpart in real-time.

3D Printing is a manufacturing process that creates three-dimensional objects layer by layer using
digital designs, which enables the specialized manufacture and rapid prototyping.

Quantum Computing is an advanced computing approach that uses principles of quantum mechanics
to process information. Traditional computing devices typically store and process data in binary
information units (bits), assuming the value is either 0 or 1.

Neuromorphic Computing is a computing approach that mimics the structure and functioning of the
human brain to improve efficiency in performing complex tasks.

Biotechnology and Genetic Modification involve using biological systems and altering the DNA of
organisms to create innovative products in fields like medicine, agriculture, and research.

Autonomous Systems and Robotics refer to machines and technologies capable of performing tasks
independently, often sensors and algorithms for navigation, decision-making and interaction with
environment.

Advanced and innovative resources designed to deliver superior properties to improve performance
and sustainability in a variety of applications.
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Appendix ( 1) Most Disruptive Emerging
Technologies

In an era of rapid technological advancement, several emerging technologies are poised to disrupt traditional
industries and catalyze the development of next-generation applications. These technologies are not only
reshaping industries but also paving the way for innovative applications and solutions that address complex
challenges, as well as driving significant advancements across various sectors, and their continued development
and integration are critical to realizing the full potential of Tech Fusion, particularly in ambitious national initiatives
such as Saudi Arabia's Vision 2030.

We recognized the most disruptive emerging technologies and added them below:

Artificial Intelligence and Machine Learning:

It enables automation, enhances decision-making, personalizes experiences, improves customer service,
predicts trends, enhances security, drives innovation, advances healthcare. Its multifaceted applications
continue to reshape various aspects of society and industry, making it a cornerstone of modern
technological advancement.

Applications: Al has several applications in the public sector, such as public safety, where Al enables
predictive policing, advanced surveillance, and crime analysis. Healthcare systems benefit from Al
through disease surveillance, telemedicine, and operational efficiency, ensuring better patient care and
accessibility. Al also streamlines public administration by automating repetitive tasks, providing 24/7
citizen support.

Biotechnology and Gene Editing:

Biotechnology harnesses cellular and biomolecular processes to develop technologies and products
that improve the quality of life and the health of the planet. It enables personalized medicine,
regenerative therapies, sustainable agriculture, environmental remediation, biomanufacturing and even
synthetic food.

%
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Applications: Biotechnology has significant applications in healthcare, agriculture, environmental
management, and biosecurity. In healthcare, gene editing technologies like CRISPR enable the
prevention and treatment of genetic disorders, while biotechnology accelerates vaccine development
and personalized medicine. In agriculture, these technologies enhance crop resistance and nutritional
value, boosting food security and sustainability.

Quantum Computing:

Quantum computing leverages the principles of quantum mechanics to process information in ways
that classical computers cannot, using quantum bits or qubits. Its potential to solve complex problems at
unprecedented speeds can lead to groundbreaking advancements

Applications: Quantum offers unprecedented computational power to solve complex problems. In
public safety, quantum computing can enhance cryptography, ensuring secure communication and data
protection. Healthcare systems can benefit from quantum simulations for drug discovery and
personalized medicine, accelerating the development of treatments. In transportation, quantum
algorithms can optimize traffic flow and logistics.
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Blockchain and Distributed Ledger Technology:

Blockchain is a decentralized digital ledger technology that records transactions across many computers
in a way that the registered transactions cannot be altered retroactively.

Applications: Blockchain enhances transparency, security, and efficiency in various applications. In
public administration, blockchain can streamline and secure record-keeping, reducing fraud and errors
in transactions such as land registry and identity verification. In Supply chain management in sectors like
healthcare and defense benefits from blockchain's ability to track and verify the authenticity of goods,
ensuring integrity and safety..

5G and Next Generation Connectivity:

5G is the fifth generation of mobile network technology, offering higher speeds, lower latency, and
more reliable connections. Next-generation connectivity includes advancements beyond 5G, such as 6G,
which aims to provide even faster and more ubiquitous connectivity.

Applications: 5G enables real-time data sharing and enhanced situational awareness through
connected devices and smart surveillance systems. Healthcare systems benefit from telemedicine and
remote surgery capabilities.. In smart cities, 5G supports the deployment of loT sensors for traffic
management, energy distribution, and public infrastructure monitoring, leading to more efficient and
sustainable urban environments.

Extended Reality:

Extended Reality (XR) is an umbrella term that encompasses AR, VR, and Mixed Reality (MR), which
combines elements of both AR and VR. For AR, it overlays digital information onto the real world,
enhancing the user’s perception of their environment while VR immerses the user in a completely
virtual environment.

Applications: In education, XR enables virtual classrooms and interactive simulations, enhancing
learning through engaging and hands-on experiences. Public safety and emergency response benefit
from XR training simulations, allowing first responders to practice and prepare for real-life scenariosin a
risk-free environment. In healthcare, XR assists in surgical planning and training, providing 3D
visualizations of patient anatomy for more precise procedures.

Autonomous Systems and Robotics:

Autonomous systems and robots can automate complex tasks, enhancing precision, and improving
efficiency. From healthcare and manufacturing to agriculture and public safety, these technologies are
driving significant advancements and transforming how industries operate.

Applications: These technologies are transforming industries like manufacturing with automated
production lines, enhancing logistics with autonomous drones and vehicles, and improving service
sectors with robotic assistants. They are crucial for increasing efficiency, safety, and productivity across
various domains.
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Nanotechnology:

Nanotechnology involves manipulating matter at the atomic and molecular scale to create materials
and devices with novel properties. Nanotechnology is used to create new effects in materials science,
such as self-healing materials. Enabling advancements in drug delivery, energy storage and electronic
devices.

Applications: Nanotechnology is used in medicine for targeted drug delivery, in electronics for
developing more efficient semiconductors, and in materials science for creating stronger and lighter
materials. Nanotechnology is enabling significant advancements at the molecular and atomic levels,
leading to new capabilities in various fields.

3D Printing:

3D printing, is a process of creating three-dimensional objects layer by layer from digital models. Which
can be accomplished through various processes where material is deposited, joined, or solidified under
computer control. Its applications span healthcare, manufacturing, aerospace, automotive, construction,
and consumer goods, demonstrating its versatility and potential to revolutionize traditional
manufacturing processes.

Applications: 3D printing, is revolutionizing the public sector by enabling decentralized production
and customization. In healthcare, it produces personalized prosthetics, implants, and medical models for
surgical planning. In education, it enhances STEM learning through hands-on experience with design
and engineering. Also, during disasters, 3D printing aids in manufacturing emergency supplies swiftly.

Neuromorphic Computing:

Neuromorphic computing is an innovative approach to designing computer systems that mimic the
neural architecture and operations of the human brain. Unlike traditional computing architectures,
which separate memory and processing, neuromorphic systems integrate these components more
closely, allowing for more efficient and parallel processing.

Applications: This technology holds promise for a range of applications, By leveraging neuromorphic
chips and architectures inspired by neuroscience principles, researchers and developers aim to achieve
unprecedented efficiency in processing complex data and solving problems that traditional computers
struggle with.

Digital Twins:

Digital twin are a virtual model of an object or system that accurately mirrors its physical counterpart. It
encompasses the entire lifecycle of the object, continuously updated with real-time data, and leverages
simulation, machine learning, and analysis to aid in decision-making.['Z

Applications: Digital Twins enhance infrastructure management by optimizing maintenance
schedules and predicting failures. Manufacturing benefits from improved production efficiency and
predictive maintenance. Smart agriculture uses digital twins to monitor and optimize crop growth and
resource usage. They also support transportation by optimizing traffic flow and enhancing safety
measures.
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Appendix ( 2 ) Sectors Actively Pursuing
Tech Fusion

The integration of multiple emerging technologies, is reshaping industries across the world. By combining
innovations such as Al, loT, blockchain and more, Tech Fusion drives unprecedented advancements and
efficiencies. This section explores sectors actively using these combined technologies as well as those
significantly impacted by them. This is the first in a series that will delve into the sector-specific impacts
of adopting Emerging Technologies, and fusing them, providing insights into how these technologies are
reshaping different sectors.
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Healthcare

Technologies:
Al | Robotics | Biotechnology | Nanotechnology.

o

8 @

Applications:

Personalized Medicine: Al algorithms
analyze genetic information to customize
treatments for individual patients,
enhancing the efficacy of therapies.

Robotic Surgery: Robotics paired with Al
enable precision surgeries with minimal
invasiveness, reducing recovery times and
improving outcomes.

Advanced Diagnostics: Nanotechnology and
Al assist in early disease detection through
highly sensitive diagnostic tools, improving
the accuracy and speed of diagnoses

Example:

‘Intuitive Surgical’s’ da Vinci robot,
enhanced with Al, assists surgeons in
performing complex procedures with great
precision and control [30].

In 2024, a surgeon in China remotely
removed a lung tumor from a patient 5,000
km away using robotics. Al integration could
soon enable fully automated surgeries.
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Manufacturing

Technologies:
loT | Al | Robotics | 3D printing.

8 =

Applications:

Smart Factories: Al algorithms and loT
devices monitor and optimize production
processes in real-time, leading to higher
efficiency & reduced downtime.

Predictive Maintenance: Al predicts
equipment failures before they occur,
enabling timely maintenance and reducing
unexpected breakdowns.

Assembly Manufacturing: 3D printing,
guided by Al, allows to produce complex
parts on demand, reducing waste &
inventory costs[31].

Example:

National Institute of Standards and
Technology (NIST) employs loT devices to
monitor manufacturing processes in real-
time. Sensors collect data on machine
performance, and product quality [32].

Merging Al, computer vision, and robotics
is common in manufacturing for
automated quality inspection.
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Retail
Technologies:
Al | XR | IoT.

Applications:

Personalized Shopping Experiences: Al
analyzes customer data to offer tailored
recommendations and promotions.

Inventory Management: loT sensors track
inventory levels in real-time, optimizing
stock and reducing waste.

AR/VR Try-Ons: XR technologies allow
customers to virtually try on clothes,
makeup, or even view furniture in their
homes[33].

Example:

Sephora’s Virtual Artist app uses AR and Al
to let customers virtually try on makeup and
receive personalized product
recommendations [35].
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Finance

Technologies:

Blockchain. | Al | quantum computing.

Applications:

Fraud Detection: Al analyzes transaction
patterns to identify and prevent fraudulent
activities in real-time.

Secure Transactions: Blockchain ensures
secure and transparent financial
transactions, reducing the risk of fraud and
errors.

High-Frequency Trading: Quantum
computing speeds up the processing of
complex algorithms, enabling faster and
more efficient trading strategies.

Example:

JP Morgan’s blockchain-based Interbank
Information Network (IIN) enhances the
speed and security of cross-border
payments [34][36].
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Energy

Technologies:

Al | Advanced energy solutions| loT

o8 8r
Applications:

Smart Grids: Al manages the distribution
of electricity more efficiently, balancing
supply and demand in real-time [37].

Predictive Maintenance: Al & loT predicts
failures in energy infrastructure, reducing
downtime and maintenance costs[38].

Renewable Energy Management:
Advanced energy solutions enhance the
integration of renewable sources into the
grid, improving sustainability.

Example:

Singapore's Smart Nation initiative
deploys a smart grid that integrates loT
and Al technologies to enhance energy
management. The smart grid allows for
real-time monitoring of the energy
network.
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Education

Technologies:
Al | XR

Applications:

Virtual Trainings: XR enables virtual
trainings where students can interact with
digital content in a more engaging way.

Al Tutors: Al-driven systems provide
personalized learning experiences,
adapting to each student’s pace and
learning style.

Example:

KAUST employs loT devices across its
campus to create a smart learning
environment. These devices optimize
campus operations and student
experiences [39].
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Entertainment

Technologies:

Applications:

Adaptive and Immersive Entertainment: Al
& XR enhances video games by making it
more interactive, adaptive, and immersive.

Fan Engagement: Wearable biosensors and
XR technology allow fans to enjoy a more
immersive sports experience by viewing
athletes' vital stats and exploring different
seating perspectives—all from the comfort
of home.

Example:

Qatar Airways recently launched a VR
experience called Qverse which allows
travelers to view cabin interiors, the
business-class QSuite, and the VIP check-in

area at Hamad International Airport [40].

Agriculture

Technologies:
Biotechnology | Nanotechnology

28 &

Applications:

Precision Farming: loT and Al provide real-
time data on soil conditions, weather, and
crop health, allowing for precise
interventions.

Genetically Modified Crops: Biotechnology
enhances crop resistance to pests and
diseases, increasing yields.

Nano-fertilizers: Nanotechnology improves
the efficiency of fertilizers, reducing
environmental impact [41].

Example

The German government supports various
precision agriculture initiatives that
integrate loT, Al, drones, big data, and
biotechnology. Projects like "Smart

Farming" aim to enhance agricultural
{ Yo \

productivity.

Tech Fusion is driving transformative changes across various sectors by integrating multiple emerging
technologies. This synergy not only enhances efficiency and innovation but also creates new
opportunities and business models. As industries continue to adopt and adapt to these technological
combinations, the future promises even more significant advancements.
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